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Extended Materials and Methods

Derivation for SCF condition in rail-based microchannels
In the case where a channel is comprised of multiple surfaces with different materials and unique contact angles, the condition for advancement of a fluid in the channel is given by a condition on the Cassie Angle, * (1a), referred to as the Generalized Cassie law (1b), where $ is the fraction of the channel's crosssectional perimeter composed of a material , and $ is the contact angle of material .
Given the cross-sectional geometry of a rail-based channel and the convention that the contact angle of fluid on air is 90°, Eq. 1 can be rewritten as:
Where 3 is the width of the channel ceiling, 4 is the width of the channel floor, and ℎ is the distance between the channel ceiling and the floor. Assuming that 3 = 4 , Eq. 2 reduces down to:
where ℎ is the height of the patterned layer (defined by the distance between the patterning area of the patterning device and the underlying substrate), 3 is the contact angle of the patterning device, and 4 is the contact angle of the underlying substrate.
Design of hollow double helix
The helix consists of a total of 30 layers of agarose (including the base layer), which were all patterned via SCF and rail-based technology. Each layer looks like a button with two holes, that is rotated about the center for each subsequent layer. Figure S3A illustrates a top-down schematic for the helix design. The length, , is the diameter of the holes, which is 3 mm for all layers on both sides. is the distance from the center of the design to the center of the holes on both sides, and for all layers is 2.5 mm. The angle of rotation about the center of the design is denoted by , and the maximum overhang length is denoted by . For the first two layers, the angle of rotation, , is 5° with a designed overhang, , of 240 m to establish the overhang. After the overhang was established, the remaining layers were rotated 10° for a total designed maximum overhang of 479 m. A new device was used for each layer with an alignment marker for consistency in the degree of rotation. The helix was designed to include a curvature that outlined the two holes which allowed for SCF to continue to the edge of the desired overhang. These values can be found in Table S1 .
Imaging of hollow double helix
A Nikon DSLR camera was used to take images of the double helix. The helices were removed from the well plate with a spatula and placed on a standard No. 1.5, 25 mm square coverslip (Fisherbrand). A 1 mL syringe with a 18 gauge needle with 18 gauge PTFE tubing attached to reach the bottom of the helices was used to load the helices with dye. A syringe with a 25 gauge needle was used to remove any air pockets that formed from filling the hollow tubes with dye. During loading, the tubing damaged the walls of the agarose and these irregularities filled with dye ( Figure 4C , right). Yellow and blue India ink dye (Dr. Ph. Martin's Bombay India Ink) was used to fill the helix ( Figure 4C , right), and dextran with fluorescein 70,000 MW in DI water at 10 mg/mL (Invitrogen) was used to fill a separate helix in Figure 2C . To take the photo in Figure 2C , the fluorescent dye was excited using a 365 nm lamp (Spectroline). Helix images were processed using Adobe Photoshop CC 2018 using a uniform brightness/contrasts adjustment.
Imaging and design of overhanging cross sections
The cross-sectional images shown in Figure 4A were designed such that the overhang and curvature of each layer corresponded to the maximum overhang in the first seven layers of the helix. The curvature information can be found in Table S1 where the first seven layers correspond to the overhang cross section device, as well as the first seven layers of the helix. To image the cross section, a smooth edge was cut using a coverslip (Fisherbrand) and the overhang was transferred to another coverslip for imaging with a DSA25E goniometer (Kruss). The images in Figure 4A are separately constructed agarose structures, cut and imaged at different stages.
Design of curvature for overhanging features
In order to achieve spontaneous capillary flow for all layers of the seven layered overhanging structure ( Figure 4A ) and the hollow double helix structure ( Figure 4C , Figure 2C ), the geometry of curvature was adjusted for each layer. If each layer had the same curvature, then the maximum distance (air gap) between the two layers would become great enough that spontaneous capillary flow is inhibited. This concept is illustrated in Figure S3C , as denoted by the red arrow. However, by applying a calculation to change the curvature dimensions of the current layer based upon the dimensions of the previous layer, the distance between layers can be minimized allowing for SCF, illustrated by the reduction of the doubleheaded red arrow length ( Figure S3C ). Note that the overhang dimensions for the seven layered overhanging structure in Figure 4A are the same as the dimensions for the first seven layers of the helix. The calculation was made as follows: for the first overhanging layer, layer 2, the radius of curvature is set to 1 mm. Every subsequent layer's radius of curvature is increased by 0.5 mm, i.e., layer 3 is 1.5 mm, layer 4 is 2 mm, etc. Take any layer, where > 1, and the radius of curvature, @ is then given by Eq. 4.
Layer 1 has no radius of curvature, as it is not an overhanging layer. The curvature of layer was designed such that the curvature began at half the distance of the x-component of the previous layer, @D3 , which is illustrated in the diagram below.
Note that is the designed maximum overhang, which for the helix design is also denoted by in Figure  S3A . The component of the curvature for layer , @ , is then given by taking one half of the x-component of the previous layer, and adding this to the maximum overhang, , described in Eq. 5.
Note that the maximum overhang, is set by the angle of rotation for the helix ( in Figure S10A ). Using the calculated x-component and the radius of curvature for layer , the y-component of the curvature can then be derived. The schematic below shows the geometrical schematic to calculate these layers.
To calculate the angle, , which represents the arc angle of the circle that encompasses the curvature, the geometric relation of the radius of curvature, @ , to the x-component of the curvature was used, and described in Eq. 6 where is in degrees.
= arcsin J @ @ K (Eq. 6)
Using this angle and the fact that the red dotted triangle is an isosceles triangle, the value of angle could be calculated using Eq. 7, where and are in degrees.
Then, the value of @ can be calculated using Eq. 8.
These calculations were applied to all layers to derive the values in Table S1 . Note that the first overhanging layer, layer 2, was set such that the curvature began at the edge of layer 1.
Enzymatically degradable hydrogels synthetic information
Chemical reagents were obtained from either Sigma-Aldrich or Fisher Scientific unless otherwise noted. Amino acids for peptide synthesis were purchased from ChemPep and associated coupling reagents from Chem-Impex. Semi-preparative scale reversed-phase high-pressure liquid chromatography (RP-HPLC) was conducted on a Dionex Ultimate 3000 with 220 nm and 280 nm detection wavelengths, through a Thermo 5 µm Sychronis silica 250x21.2 mm C18 column. Pure fractions were lyophilized using a LABCONCO FreeZone 2.5 plus freeze-dryer equipped with a LABCONCO rotary vane 117 vacuum pump. Matrix-assisted laser desorption/ionization time of flight (MALDI-TOF) mass spectrometry was performed on samples suspended in a matrix of α-cyano-4-hydroxycinnamic acid:2,5-dihydroxy benzoic acid (2:1) using a Bruker AutoFlex II mass spectrometer in reflectron positive mode with detector range set to 600-3000 Da.
Four-arm poly(ethylene glycol) (MW = 20,000 Da) end-functionalized with bicyclononyne (PEG-tetraBCN) and N3-GRGDS-NH2 peptide were synthesized as previously described [1, 2] . 
Recombinant Expression and
Synthesis of N3-RGPQGIWGQGRK(N3)-NH2 and N3-RGPQGIWGQLPETGGRK(N3)-NH2
Chemical structures of the MMP-degradable peptide N3-RGPQGIWGQGRK(N3)-NH2 (left) and the MMP OR SrtA degradable peptide N3-RGPQGIWGQLPETGGRK(N3)-NH2 (right)
The peptides H-RGPQGIWGQGRK(Dde)-NH2 and H-RGPQGIWGQLPETGGRK(Dde)-NH2 were synthesized by Fmoc SPPS at 0.25 mmol scale on rink amide resin. The Dde protecting group was cleaved from resinbound peptide using 2% hydrazine (3 x 10 min). 4-azidobutanoic acid (4x; 259 mg; 2 mmol) was conjugated to the free amines on the N-terminus and deprotected Lysine though in situ ester activation using a solution of HATU (3.95X; 750 mg; 1.97 mmol) and diisopropylethylamine (DIEA; 8X; 1.38 mL; 4 mmol) for 90 minutes [1] . Resin was then thrice washed with DMF and thrice with dichloromethane (DCM) prior to peptide cleavage from resin [95%/2.5%/2.5% Trifluoracetic Acid (TFA)/ Triisopropylsilane (TIS)/ H2O]. Crude peptide product was precipitated in ice-cold diethyl ether and dried under N2 prior to purification by RP-HPLC (55-minute gradient of 5-100% acetonitrile in water). Lyophilization yielded the pure final products (N3-RGPQGIWGQGRK(N3)-NH2 and N3-RGPQGIWGQLPETGGRK(N3)-NH2), each as a light-yellow solid. Peptide identity was confirmed using MALDI-TOF. MALDI mass spectra for the synthesized and HPLC purified peptides.
Preparation of Patterning Rails for cell-encapsulated PEG hydrogel patterning.
Rails were printed with a Form 2 3D printer. Devices were sterilized under UV light for 1 hour. To prevent hydrogel or cell adhesion, the devices were incubated in 1% Bovine Serum Albumin (BSA) for 1-2 hours, and allowed to fully air dry prior to use.
Supplementary Figures
Note: Supplementary Figures S1-4 are demonstrations of the resolution in agarose structures achievable with the Form 2 3D printer that we used to fabricate the rail structures and is not inherent to the 3D patterning method presented in this paper. . The well plate is then incubated with the device in place for 10 minutes to polymerize the collagen.
(iv) The previous patterning device is then removed, and an identical, 300 m tall patterning device is placed in the same position. 8 L of cell-laden collagen gel precursor solution is then pipetted into the loading region of the patterning device, at which point the gel precursor solution flows through the 'D' pattern. These 4 steps are repeated once more with a '3' pattern, and then again with no pattern to yield (v) the final structure. As described in the manuscript, the final structure consists of a first cell-free layer that is 200 m tall, then a cell-laden collagen layer containing the 'D' pattern that is 100 m tall, then a cell-free layer that is 200 m tall, then a finally cell-laden collagen '3' pattern that is 100 m tall, then a cell-free layer. *First seven layers curvature and overhang information also corresponds to the cross section device in Figure 4A . **Rotation angle represents the rotation change from the previous layer. Values are in degrees. ***Maximum overhang corresponds to in Figure S10A .
